Abstract -Due to the importance of obtaining almond cultivars adapted to the agroecological conditions of Serbia, in the period 2005-2006 pollen viability and self-(in)compatibility in 19 almond genotypes selected from the seedling population on Slankamen hill, were studied. All analyzed almond genotypes had good (50-70%) or high (over 70%) pollen germination. The study of self-(in)compatibility was done by monitoring of the fruit set in the field and observing self-pollen growth by fluorescence microscopy. Self-incompatibility was confirmed in all the 19 genotypes by both methods. Pollen tube penetration was stopped mostly at the upper third of the style of all genotypes, with characteristic irregularities.
INTRODUCTION
Self-incompatibility is a widely spread and heritable reproductive phenomenon in flowering plants, where self-fertilization is prevented by rejection of pollen from the same plant. This is an evolutionary advantage due to its effectiveness in avoiding inbreeding and the encouragement of outcrossing. Prunus species, thereby the almond as well, are characterized by a gametophytic type of self-incompatibility, which means there is no pollen germination on the stigma (Yamashita et al., 1987) , or tube growth stops most often in the upper third of the style (Sanchez et al., 2004) . Gagnard (1954 , cited by Boskovic et al., 2003 was the first to explain that self-incompatibility in the almond (Prunus amygdalus Batsch) is controlled by a single multi-allelic S-locus. S-locus in the almond shows a high diversity with more than 37 S alleles established so far (Ortega et al., 2006; Halász et al., 2008; Kodad et al., , 2010 . These alleles encode specific ribonucleases in the style (Tao et al., 1997; Bošković et al., 2003) , which are responsible for inactivating the growth of self-pollen tubes. Also, 25 crossalmond incompatibility groups have been established so far (Kodad and Socias i Company, 2009 ). In self-compatible genotypes S f allele is present in the pistil (Bošković et al., 2003) . However, the latest studies by Fernández i Martí et al. (2009) and Kodad et al. (2009) indicate that this mechanism of self-compatibility is much more complex.
The most frequently used method to determine self-(in)compatibility is the monitoring of the fruit set after the self-pollination of isolated flowers. Observation of pollen tube growth by fluorescence microscopy is also often used as a fast and reliable method. Similar to many plants, almond has pollen tubes that contain a considerable amount of callose that has the ability to absorb aniline blue and to produce fluorescence when illuminated with blue or UV light (Kho and Baër, 1968) . This characteristic was used for observation of pollen tube growth in the style and ovary by fluorescence microscopy in the almond (Ortega et al., , 2006 Alonso and Socias I Company, 2005) , sour cherry (Cerović, 1994) , apricot (Milatović and Nikolić, 2007) and other species.
Self-(in)compatibility can be also identified by molecular methods based on the determination of ribonucleases (Certal et al., 2002; Bošković et al., 2003) and DNA amplification and identification by PCR analysis (López et al., 2004; Sánchez-Pérez et al., 2004; Ortega et al., 2005) .
The objective of the study was to analyze pollen quality (germination) as a factor that directly affects fertilization as well as to establish the self-(in)compatibility of selected almond genotypes.
MATERIALS AND METHODS
Research was realized in the period 2005 -2006 . The applied method for pollen quality was in vitro germination on a substrate containing 15% sucrose (Eti et al., 1994) and 1% agar-agar. To collect the pollen, unopened flowers at late balloon stage were taken. Pollen germination was determined after incubation (24 h at room temperature). Approximately 250 pollen grains per genotype were analyzed. A germinated pollen grain was considered to be the one whose pollen tube was longer than the diameter of the pollen grain itself.
For fruit set monitoring shoots were randomly selected. All open flowers and closed buds were removed from the shoots. Emasculation and selfpollination was applied for a total of 100 flowers at the late balloon stage. To avoid possible open pollination, the shoots were bagged. Fruits were counted after 30 days and at ripening time.
To observe pollen tube growth the shoots with flowers at late balloon stage were taken and brought to the laboratory. Flowers were emasculated and self-pollinated after 48 h. Fixation of the pistils was done 72 h after pollination with FAA fixative (70% ethanol, glacial acetic acid and formaldehyde in a ratio 90:5:5). Just before microscopic observation, the pistils were stained for 24 h with 0.1N K 3 PO 4 containing dissolved 0.1% aniline blue that react with callose from the pollen tube walls. To prepare the pistils for microscopic observation, the style was separated from the ovary and squashed, while the ovary was dissected longitudinally to detect the possible penetration of the pollen tube into the ovule (Cerović, 1994) . Pollen tube growth was monitored on a "LEICA" microscope. At least 20-25 pistils were analyzed from each genotype.
Statistical analysis was performed with Statistica (StatSoft, Inc., Tulsa, Oklahoma, USA) program. Using a model of monofactorial experiment, where the year was taken as replication analysis of variance of random block system was done. The significance of the differences was tested by LSDtest at a probability of 1%.
RESULTS AND DISCUSSION
A knowledge of pollen functional ability is very important, because sterility and poor fertilization can be explained by pollen low viability. Pollen germination depends on a wide range of factors: species, cultivar, nutrition and environment factors. According to Imani and Talaie (2006) , almond pollen fertility is positively affected by calcium content. Analyzing the effects of temperature Weinbaum et al. (1984) found that maximum pollen germination is achieved at 16 0 C.
All analyzed almond genotypes had good (50-70%) or high (over 70%) pollen germination (Table  1) , which is a prerequisite for successful fertilization. The lowest mean of pollen germination in the study period was found in the genotype 25/03 (57.9%) and the highest in genotype 17/03 (78.8%).
The results of the analysis of variance (data not shown) indicated statistically very significant differences in pollen germination between the study years, which are in agreement with the results obtained by Eti et al. (1994) who tested the pollen germination of four almond cultivars by a pendant drop method. A significant variation between years in pollen germination was also observed for the sweet cherry (Radičević et al., 2008) and other pome and stone fruit species (Stösser et al., 1996) . No significant differences in pollen germination were found between the studied genotypes.
Monitoring of the fruit set 30 days after selfpollination showed that 17.8% to even 61.0% of the fruits were counted, depending on the genotype. Very significant statistical differences were established for the initial set fruits both between the studied genotypes and the study years, which is in accordance with previous reports by . However, at ripening time all fruits were dropped from the marked shoots. This indicates that the presence of pollen tubes in the style initiated auxin activity and ethylene synthesis which stimulated the ovary growth (Ketsa et al., 2006) . After pollen adhesion on the stigmatic surface the pollen grains germinate. During growth, the pollen tubes compete for space and nutrients and only a genetically compatible pollen grain can reach the base of the ovary and penetrate the ovule. In self-compatible cultivars pollen tubes reach the base of the style in 72 h , while fertilization takes place seven days after pollination (Cousin and Maataoui, 1998) .
Observation of pollen tube growth by fluorescence microscopy (Table 2) is shown only for the year 2006. Monitoring clearly showed germinated pollen grains on the stigma, as well as pollen tubes in the different levels of style. A significant reduction in the number of pollen tubes from the stigma to the base of the style was noticeable in all genotypes. In most cases (70-90% of pistils) it was observed that the pollen tubes stopped growing on the stigma or just below it, which confirms the opinion of Pimienta et al. (1983) that the stigma plays an important role in the delay and reduction of pollen germination. In a considerably lower number of pistils (10-22%) tube growth stopped in the upper quarter of the style. The least number of pistils (0-13%) with pollen tubes reached the first third quarter of the style. No pollen tube was observed at the base of the style which confirms the findings reported by Pimienta et al. (1983) and Socias I Company and Alonso (2004) for the self-pollination of Nonpareil and Ferragnes and Ferralise, respectively. In accordance with the gametophytic type of self-incompatibility in the almond (Sanchez et al., 2004) for most studied genotypes loops, a swelling of the tips and twisting of pollen tubes were observed (Fig. 1) Studies of self-(in)compatibility in the almond genotypes selected from the population on Slankamen hill by monitoring pollen tube growth by fluorescence microscopy, as well as by self-pollination under the field conditions, confirmed the self-incompatibility of all genotypes. Successful growing of these genotypes requires studies of both cross and compatibility with commercially grown almond cultivars.
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